Lasalocid, monensin or thiopeptin was administered intraruminally each at .33, .65 or 1.3 mg/kg body weight and evaluated for its effectiveness in preventing experimentally induced lactic acidosis in cattle. Four rumenfistulated cattle were used for each dosage level and the design was a 4 x 4 Latin square with each animal receiving lasalocid, monensin, thiopeptin or no antibiotic. Acidosis was induced by intraruminal administration of glucose (12.5 g/kg body weight). Control cattle exhibited the typical drop in rumen pH and concurrent increases in L(+) and D(-) lactate concentrations commonly observed in cases of lactic acidosis. Alkali reserves were depleted in the control cattle as evidenced by a decrease in blood bicarbonate and a negative shift in base excess. In all three trials, cattle given lasalocid had higher rumen pH and lower lactate concentrations than did control cattle or cattle given monensin or thiopeptin. Cattle given monensin had a significantly higher rumen pH and a lower lactate concentration than the controls only at the .65 and 1.3 mg/kg body weight dosages, whereas thiopeptin was effective only at the 1.3-mg dosage. Concentrations of total VFA in rumen fluid decreased in the controls but remained unchanged in cattle given antibiotics. A significant reduction in the molar proportion of acetate and an increase in the molar proportion of propionate were observed in the rumen fluid Contribution No.
Introduction
Lactic acidosis stemming from over consumption of grain is caused by the accumulation of lactic acid in the rumen, which causes a depression or destruction of the normal flora and fauna (Dunlop, 1972; Slyter, 1976) . The condition is initiated by the proliferation of two major lactate producing tureen bacteriaStreptococcus bovis and Lactobacillus species (Mann, 1970; Allison et al., 1975) . S. bovis rapidly ferments the readily available carbohydrate to lactic acid; thus, rumen conditions are altered, permitting species of lactobacilli to predominate. Hence, a logical approach for controlling acidosis is to prevent the proliferation of S. bovis with selective antibiotics such as tetracycline hydrochloride and penicillin G (Nakumara et al., 1971 ) and capreomycin sulfate and oxamycin (Beede and Farlin, 1977) .
Recently, a sulfur-containing peptide antibiotic, thiopeptin, was shown to be active against S. boris (Muir and Barreto, 1979) and to prevent lactic acidosis in sheep and cattle (Kezar and Church, 1979; Muir et al., 1981) . We reported that the two polyether antibiotics, lasalocid sodium and monensin sodium, inhibit the majority of lactate producing rumen bacteria (Dennis et al., 1981) . That activity and the insensitivity of the antibiotics toward lactate-fermenting bacteria make lasalocid or monensin ideal antibiotics for preventing lactic 649 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 3, 1982 acidosis. Both antibiotics effectively reduced the lactate produced during the in vitro fermentation of vatious carbohydrates (Dennis et al., 1982) . The effective dose of antibiotic in each batch-culture fermentation ranged from 6 to 12 btg/ml incubation mixture. Intraruminal administration of lasalocid or monensin for 2 to 7 d effectively prevented glucose-or ground corn-induced lactic acidosis in cattle (Nagaraja et al., 1981) . Antibiotic-treated cattle had higher rumen pH values and lower lactate concentrations than did control cattle that had received no antibiotic. Our objective in the experiment described here was to evaluate the effectiveness of varous doses of lasalocid, monensin and thiopeptin in preventing experimentally induced lactic acidosis in cattle.
Materials and Methods
Twelve rumen-fistulated cattle (body wt 275 to 450 kg), were fed an 80% alfalfa hay (IFN 1-80-063) and 20% grain diet. The grain portion contained 70% sorghum grain (IFN 4-04-378), 17% corn (IFN 4-02-931), 4% soybean meal (IFN 5-04-604), 6% Starea 4, 2% dicalcium phosphate (IFN 6-01-080), .5% salt and .5% vitamin A and D supplement. The antibiotics lasalocid s, monensin 6 and thiopeptin 7 were administered at .33, .65 and 1.3 mg/kg body weight. The cattle were randomly assigned to three groups. Each group tested a different dosage of antibiotic (.33 mg/kg body weight, trial 1; .65 mg, trial 2; 1.3 mg, trial 3). The experimental design for each dosage was a 4 x 4 Latin square, with each animal receiving lasalocid, monensin, thiopeptin, or no antibiotic.
Cattle were deprived of feed for 24 h before acidosis was induced by the intraruminal administration of glucose (dissolved in water) at 12.5 g/kg body weight. The solution was mixed with rumen contents by hand. Antibiotics were administered with the glucose solution. Rumen fluid and blood samples were collected at 0, 4, 8 and 12 h after dosing. After the 12-h samp- ling the rumen was emptied, washed with water and inoculated with rumen contents from a donor cow fed hay. The test cattle were then fed alfalfa hay and grain. The intervals between trials were 3 to 4 wk.
Details of sampling and the processing of samples for various analyses have been reported (Nagaraja et al., 1981) . Rumen fluid samples were analyzed for pH, L(+) and D(-) lactic acid, and S. bovis, Lactobacilli and lactateutilizing bacteria were counted. VFA were determined only in samples from the group that was treated with 1.3 mg of antibiotic/kg body weight (trial 3). Blood was analyzed for pH, packed cell volume (PCV), plasma protein, plasma glucose, oxygen pressure (pO2), carbon dioxide pressure (pCO2), bicarbonate (HCO3), base excess, total CO2 content and L(+) and D(-) lactic acid concentrations. Procedures for all but bacteriological analyses have been reported (Nagaraja et al., 1981) .
The selective medium tot S. boris was Enterococeosal agar s (Switzer and Evans, 1974) . Pour plates were prepared with an agar overlay and incubated in a Brewer anaerobic jar at 39 C for 48 h. Colonies exhibiting positive reaction for esculin hydrolysis were counted. Dilution of rumen samples for Lactobacilli and lactate-utilizing bacteria counts was made anaerobically. The selective medium for Lactobacilli was that described by Rogosa et al. (1951) as modified for anaerobic culture by Slyter et al. (1968) . Medium for counts of lactate-utilizing bacteria contained tryptone (2%), yeast extract (.2%), DL sodium lactate (2%), hemin (.0005%), VFA mixture (.31%), minerals 1 (15%), minerals 2 (15%), resazurin (.0001%), sodium bicarbonate (.4%), cysteine hydrochloride (.05%) and agar (2%). The VFA mixture and minerals 1 and 2 were prepared according to Caldwell and Bryant (1968) . The anaerobic technique for the preparation of culture media and roll tube preparation was that of Hungate (1973) as described in the VPI anaerobe manual (Holdeman et al., 1977) . Data were analyzed according to the split plot design by least-squares analysis of variance.
Results
The amount of glucose administered to induce acidosis was less than the amount of carbohydrate (starch and ground grain) others have used (Allison et al., 1975; Wilson et al., 1975 ; Beede and Far- lin, 1977; Nagaraja et al., 1978; Muir et al., 1981) . The small dosage was chosen so that the microbial population of the rumen would not be overwhelmed and thereby mask the effect of the antibiotics tested. The amount was sufficient, however, to induce an acute acidotic condition in the rumen, as evidenced by a dramatic decrease in pH and increase in total lactate concentration. Clinical signs of acidosis such as anorexia, dullness and dehydration (loss of skin elasticity) were not evident in either control or antibiotic-treated cattle, perhaps because of the short observation period (12 h). However, fluidity of rumen contents increased in both control and antibiotic-treated cattle, although the increase was more pronounced in the former than in the latter. Also, control cattle consistently had a profuse, watery diarrhea about 8 h after dosing, whereas antibiotic-treated cattle had diarrhea only occasionally. While the study was limited to a 12-h period, we feel the antibiotic effects would have persisted for longer periods because we have observed (Nagaraja et al., 1981) that antibiotic effects were evident up to 48 h when cattle were engorged with ground corn. The antibiotic effect should be similar under field conditions where ruminal and blood changes due to engorgement of carbohydrates (starch or sugar- Dunlop, 1972) are similar to what we observed here. Rumen pH and Lactate Concentration. In all three trials, following the administration of glucose, control cattle given no antibiotics showed a dramatic decrease in pH and a concurrent increase in concentrations of L(+) and D(--) lactate in rumen fluid (table 1). Cattle given lasalocid consistently had a higher rumen pH and a lower lactate concentration than did control cattle or cattle given monensin or thiopeptin (table 1). Rumen pH of cattle given lasalocid (12-h sample) was higher (P<.01) than that of control cattle in all three trials. Monensin-treated cattle showed a higher rumen pH than controls only at the .65-mg (P<.05) and 1.3-mg (P<.01) dosages, whereas thiopeptin was effective only at the 1.3-mg dosage. Concentrations of L(+) and D(-) lactate followed the same trend as rumen pH. In all instances, concentration of D(-) lactate was lower than that of L(+) lactate.
Rumen Volatile Fatty Acids. In control and antibiotic-treated cattle total VFA concentration in the O-h rumen fluid sample was lower than values reported for samples from cattle fed high roughage diets (table 2). The deprivation of cattle before the induction of acidosis could have accounted for the reduction in total VFA. aAcidosis was induced by intraruminal administration of glucose (12.5 g/kg body weight).
After the administration of glucose, total VFA in the control group decreased steadily, reaching 11.6 /~mol/ml rumen fluid by 12 h. The proportions of acetate, propionate and buryrate did not change in the control cattle (figure 1). Total VFA in cattle given antibiotic remained unchanged following glucose administration. Previously, we (Nagaraja et al., 1981) reported a significant increase in total VFA in rumen fluid of antibiotic-treated cattle following the induction of acidosis with ground corn. Increased fluidity of rumen contents due to hypertonicity following the addition of glucose might have diluted the concentration of VFA in rumen fluid. However, a significant reduction in the molar proportion of acetate and an increase in propionate were observed in rumen fluid of cattle given antibiotics (figure 1). Because lactate-fermenting bacteria are not inhibited by lasalocid or monensin (Dennis et with decreased CO2 content (from 28.4 at 0 h to 20.9 meq/liter at 12 h) was probably the result of hyperventilation. Although pCO2 increased in antibiotic-treated cattle, pO2 and CO2 content did not change. Depletion of alkali reserve in the control cattle was evi~ denced by the decrease in HCO~-or a shift in base excess values (table 8) .
Discussion
Abruptly changing the diet of ruminants from roughage to concentrates rich in fermentable carbohydrates or any situation that allows an unadapted animal access to large quantities of carbohydrate-rich feed causes lactic acidosis (Elam, 1976) . Such a condition is due to a rapid fermentation of carbohydrates resulting in the production and accumulation of abnormal amounts of L(+) and D(-) lactic acid in the rumen (Dunlop, 1972) . Currently, the only available methods to prevent lactic acidosis are by feeding buffers (Kezar and Church, 1979) or by restricting feed intake and gradually adapting ruminants to high-energy diets. Several antibiotics have been shown to prevent the onset of lactic acid fermentation. Such antibiotics have limited usefulness in practical prevention programs because they depress rumen fermentation as evidenced by decreased VFA production (Mitchell et al., 1969; Muir et al., 1980) , and also many bacteria develop resistance to them (Wiseman et aI., 1960; Hungate, 1966) . The polyether antibiotics lasalocid and monensin possess ideal characteristics for preventing acidosis. Not only do they inhibit all the major lactate-producing rumen bacteria (except Selenomonas), but they do not affect lactate-fermenting rumen bacteria. Consequently, these antibiotics reduce lactate production and at the same time enhance lactate utilization. The antibacterial activity of thiopeptin in regard to lactate-producing or -fermenting bacteria is similar to that of lasalocid and monensin (T. G. Nagaraja and E. E. Bartley, unpublished data). Lasalocid and monensin exert favorable effects on rumen fermentation by enhancing propionate formation (Richardson et al., 1976; Bartley et al., 1979) and by inhibiting methanogenesis (Richardson et al., 1976; Chalupa, 1977) . Information on the effects of thiopeptin on propionate production and methanogenesis is lacking. However, thiopeptin supplementation has been shown to improve weight gain and increase feed aAcidosis was induced by intraruminal administration of glucose (12.5 g/kg body weight).
efficiency in feedlot steers (Gill et al., 1979; Muir et al., 1981) .
Of the three antibiotics evaluated, lasalocid appeared to be the most effective in preventing acidosis. Only lasalocid was effective in maintaining a high rumen pH and low lactate concentration at a dosage of .65 mg/kg body weight. The dose of .65 mg/kg body weight was estimated to provide a concentration of 5 to 6 gtg/ml rumen fluid -approximately equal to the concentration expected in rumen contents of cattle fed a diet containing the recommended 30 g antibiotic/ton feed. Although all three antibiotics were equally effective in preventing acidosis when given in doses of 1.3 mg/kg body weighL cattle given lasalocid had higher rumen pH values and lower lactate concentrations than monensin-or thiopeptintreated cattle, Recently Muir et al. (1981) reported that thiopeptin at 1.5 mg/kg body weight effectively prevented induced lactic acidosis in cattle.
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